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AR STRAC’I

This paper will discuss the architecture of the MGS
Avionics Systcm, which includes much of the
electronics on-board the spacecraft: l%ctrical  Power,
Altitrrdc and Articulation Control, Command and I)atti
IIandling,  Telecommunications, and l~light Software.
‘1’hc  overall systcm architecture was driven h y
mission design, cost, and schedule demands resulting
in a mix of inherited components and ncw designs.
l’here is extensive usc of the inherited MO flight
hardware (properly modified to accommodate ncw
m i s s i o n  pararnctcrs a n d  t o  r e m e d y  prohlcms
uncovcrcd by the MO failrrrc review hoards) and flight
software/firmware. While the inhcritaocc  is high i n
some areas, it is low in others. ‘l”his paper will
discuss the final MGS avionics design, and highlight
some of the factors that drove the decision prc)ccss,
the assumptions ruadc, problems cncountcrcd, and
the risks associated with those decisions. ‘1’hc limits
of inheritance and to what extent this cxpcricncc  fits
into the context for NASA’s “faster, better, chcapcr”
paradigm arc rcvicwcd.

IN’JRODUC’IION

August  21, 1993  was a disappointing day for this
rmtion’s  plancfary space program as controllers at
J1’1. wai[cd in vain for a radio signal from the Mars
Observer (MO) spacecraft atlcr prcssuri~.ation of its
propulsion syskm in preparation for injection into
Mars orbit, This was m have been (hc long awaited
rcuu-n to the Red l’lanct siucc two Viking 1,andcrs
sc(tlcd  onto Mar t i an  so i l ill 197fj ~~]
communications cca.wd in November 1982. ‘Ihc
cause of the failure was investigated by three
review boards. The mrrsl probable cause among
several candida(cs was a ca[astrcrphic failure of the
propulsion systcm,  The loss of MO meant also the
loss of critical observations of Marlian gcoscicncc
and climatology necessary to answer kcy qucs[ions

about i[s cvolu(ion,  climate, and atmosphere of the
most earth-like ncigllbor in our solar system.
Inlcrcst in Mars remains high and because the lost
science is esselltial  to support future plans for the
cxplora[ion  of Mars, NASA approved the Mars
Global Surveyor (MGS) Project with the
rcquirwncnt that  it accomplish i(s objectives at a
fractiml  of the M{) cost.

I’hc MGS project plan is to rccovcr most of the
MO scicncc lost while applying NASA’s ncw
“faster, better, cheaper” paradigm. TO accomplish
these twin objectives (rccovcr tbc seicnce for fewer
dollars) the l’rojcct was driven to a lower
pcrfornurnce  launch vchiclc  with a dra$ticatly
r-cxluccd  spacecraft mass. Only six of MO’s eight
iastrunlcnts  will bc accommodated, leaving the
Gamma Ray Spcctromc[cr  (GRS) and the Pmssurc
Modulator Infra-lted Radiometer (PMIRR) to be
carried by fu[urc Mars missions.

A m.luccd mass spacecraft forces a mission d~sign
tha[ requires a signilicau[  reduction in fuel load. To
accon~plish  this MGS will rcqrrirc  acrobraking  in
the Mar(ian almosphcrc  to cslablish  the proper
orbit. ‘J’hc firs[  acrobraking  cxpcrimcnt  was lalc in
the Magwllan mission at Venus to circularize i[s
orbit for gravity mcawmcmcnts  after cmnplcting  its
primary mapping mission. lIowcvcr, MGS will h
the first planetary mission to usc this tcchniquc  as
a fundamcn(al  rcquircmcn[ for mission success,
i.e., successful management of the acrobraking
plmc prior to sfarl of the mapping mission is
csscnt  ial to obtain the correct orbit for science
investigations. ‘1’o  Imp cost within bounds and
meet [tic lwo year star[-to-lauuch  .Schedulc rrquircd
extensive usc of spare  MO hardware for both
cnginccring and scicncc subsystems. 1 Iowcvcr, usc
of these assemblies, wl]ich were built for a heavier
spacecraft, Con fliclcd  will] Ihc lower mass
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rcquircmcnLs and some replacement hadwarc  ha.
been mquircd.  Like MO, the MGS spacccraf[  is a
single-poin[-failure lolcrant  design requiring
redundant syslcms  and sophisticated cmboard fault
prolccticm.  1 ligh reliability Gadc 1 parls arc used
with fcw exceptions. lhc s ystcm contractor is
l.ockhecd-Mmlin  Astronautics (1.MA), ])cnvcr,
who was awmtcd  a systcm  contract in July  1994
and is rcsponsib]c  for the spacmalt  design,
integration, test, and operation. The launch
window for MGS opens on November 5, 1996,
only 28 months after the start-of-contracl.

MISSION I)IMCRIPTION

The launch window is just 21 days (MGS must get
off during tha( period or wait another two years for
the next favorable earth-Mars alignment). After
launch, the cruise to Mars takes about 10 months
will]  Mars orbit insertion burn in Scptcmbcr,
1997. By Janu,ary 20, 1998, acrobraking  will have
collapsed the initial 48 hour elliptical capture orbit
down to a 2 hour circular mapping orbit at 378
Km above the plancl’s  surface. A transition phmc
lasting until March 1998 will allow adjustment to
the sun-synchronous 2:00 PM orbit required by the
scicncc  investigation team. Mapping will begin in
March 15, 1998 and will continue for a full
Marlian  year until January 31, 2000. During
mapping, the science platform is continuously
nadir pointed. ITor the following three years, MGS
will support the relay phase of the mission where
the spacecraft will provide vital  c(Jll~ll]ul~icatiolls
scrviccs for other missions to the planet’s surface.

AVIONICS SYSTEM

The Avionics Systcm  of (1)c MGS spacecraft
includes lilcctrical  l’owcr Subsyslcm  (13’S),
At[i[udc and Articulation Control Subsystcm
(AA(X), Command and IIam 1 landling  Subsystcm
(C&l>II),  and Telecommunications Subsystcm
(’1’clccom).  With a different space.aafl and launch
vchiclc,  some changes in subsys[cm clcmcn!s  wcm
required, while mass, cost, and schedule remain tbc
major Project drivers.

E l e c t r i c a l  P o w e r  Sulmystem

l.ikc MO, MGS will usc solar  arrays for power
generation, but unlike MO, MGS’s acrobr,akhg
rcquircmcnl  drives the spacccmft  to a symmetrical
panel configuration in order to control the vchiclc’s
aerodynamic ch:irac{cristics  during atnmspl)cric  drag

passes. So MGS has Lwo symmctricaf  solar arrays
in place of MO’s sil~@c array, Launch off of a
Delta II vchiclc  scvcrcly  limits the spacecraft
cnvcloj JC compared witii  MO, which launched from
the larg,cr Titan 111, This constrained the maximum
size of the solar arrays to that which would fit
within the l>clta  shroud. Countering this is a
rcquirc]ncnt for as much area as possible to
incrcasc. acrochag while minimizing heat build up.
The worst cme (cmpcra[urcs  generated by
acrobraking can raise lhc panel to the neighborhood
of 200”C, which mquircd  a change in bonding
materials from that originally proposed. Adding to
this is the required cell area to produce at least 660
watts of power at aphelion during the mapping
missiorl. ‘1 ‘hc intersection of these three
rcquirclncnts  resulted in a panel design that is half
silicon and half gallium arsenide on germanium.
MGS will bc the first planetary spacecraft to usc
t h i s  fmgilc but h i g h e r  efticicncy  GaAs/Gc
lechno]ogy  for power generation.

(km]plicating the solar array design was the
rcquircmcnt  [o have a magnetical ly Clean
environment for the sensitive magnctomctcrs
located a( the ou(board  cnd of each array. Special
wire d] cssing was used to cnnccl magnetic ficlck
caused by conductor currents. l~inal]y, a careful
measurement of the residual fickts was made to
awurc Lhc n]agnctonwkx  investigator that the
opcralion  of the panels would not in(crfcre  with his
i[lslluln(m[.

Rcducillg  spacecraft mass required a shift from the
long used and reliable nickel-cactmium batteries
flown {m MO and past planetary missions to a
rclalivcly ncw nickel-hydrogen technology. With
hydrogen gas as onc of the clcctrodcs,  the CCIIS  am
packagcxl in a pressure VCSSC1  designed to handle in
Cxccss  of 2000 psi . 1 !ach of thC two 20
An]pcrL1 Iour ba(tcrics is made Up of eight
Cmnmon Pressure Vessels (CPV) with two cells
in each VCSSCI  for a total of 16.

‘1’hc ffi~ht spare Power Supply IM!ctronics  (1’S1;)
and Ba[tcry Charge Assembly (BCA) were modified
10 iJnplovc robuslJlcss  against  siJlg]c-poiJlt-faihJrcs
idcJltiticd  by the MO Pdilurc r ev iew boards
Residual Power Shunt Assemblies (PSA) are used
with only slight  JnodificatioJ1.  Power distribution
on the h4GS spacecraft is 28 VOIIS direct current, A
C1’V lil’c  test program has been started to evatuate
pmpcr charging slmtcgics  and to dctcrminc dcpth-
of-disclmr.gc  cycles versus capacity 10SS for this
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design. Spacccrafl  power management stra(cgics
will bc modticd to accommodate the nickel-
hydrogcn bat(cry charac(cristics,  which differ from
the MO nickel-cadmium cxpericnec ba..e.

Attitude and Articulation C o n t r o l
S u b s y s t e m

‘1’hc  AACS provides attitude knowledge through
the usc of the Celestial Sensor Assembly (CSA)
which is a star scanner, two-axis Sun Sensor
Dclccmr assemblies, (S S1>), and a Mars I Ioriiion
Scns.or Assembly (Ml ISA), which is used only
during mapping, In addilion, an Inertial
Mcmarrcmcnt  Unit (IMLJ) containing three two-
axis gyros provides in[cgrated mlc information
bclwccn  cclcstial  mcasiircmcnt  updates. Attitude
conlrol  uscs four Rcaclicm  Wheel Assemblies
(RWA) for fine control (the fourth wheel is skewed
to allow it to back up any onc of [hc three primary
wheels) rind thrusters for momcn(um dcsaturation,
AA(X controls all propulsion systcm  valving
including main engine firing for Mars Orbi(
Injcctiou,  as well as lhrec two-axis gimbals for
articulation of the two solar panc]s  and dlc 1 Iigh-
Gain Antenna (I ICiA).

There were two major chal]cngcs  for the AACS
design: injeclion stage separation and acrobraking.
MO injcchxl  using the “1’t-ansfcr  Orbit Stage (TOS),
a three-axis stabilized booster that allowed attituclc
contro] (o pass stnoothl  y from the ‘1 ‘OS control
systcm 10 the spacecraft, in contrast, MGS will be
injcc(ed  off a spinning upper s[agc.  After the
injection burn is complc[c,  a yo-yo systcm is
deployed from the upper stage to dcspin  from about
60 to near zero qm. Bccausc  the dcspin happens in
just three revolutions, there is still substantial
momentum stored  in the spinning fuel with an
indctcrminatc  time period for spin down. As a
result, the final spin rate aboul the z-axis could
cxcccd gyro salirra[ion  for an unknown period of
time. This coupled with an unfavorable lip-off m(c
could cause the spacecraft to rotate into the sim-
exclusion zone and imperil the instruments before
wc arc able to bring the spacccrati  under control
and rcoricn[  it away from the sun, ‘1’hc IMU has
been modified to increase its mtc capture ningc
from six to 12 dcg/see, and AACS has developed a
str:i[cgy  to briilg the spacecraft ulidcr colttrol  before
endangering the instruments with the cxistii~g
complcmctit  of hardware,

l>uring  drop testing of the propellant tanks, it WM
discovered that a p,art  icrilar circulation pattcrii  in
the Eiliks, rcsultilig  from a combination of the
cyliildrical  shape and high rpm, would cause
instability that would tlircatcn  tiie spacecraft. To
mitigale this problcm, a late redesign of the tank
baffli]lg  was ncccss:iry.  l:iriding  an acceptable
dcsigli  soli]lion  to this third stage tip-off problcm
has been a major ch;illcngc  for AACS thal has
consuliied  significant rcsourees.

Acrobraking  brings with it numerous control
problc]ns, especially iil contingency mode where
the spacecraft attempts to place itself in a safe
configiwation. Diiri[ig  Acrobrahng  this is difficult
because the acmdyiiarnics  effects during the diag
pass can sigliificant]y  filter the spacca~ift attitude
and impart higli body ra[cs. During the latter phase
of the :icrobrakii]g  period, the orbital period is so
short that the spacecraft is ili the drag cnvironrnent
nc;ir]y  30% of the time making a rccovciy  effort
more difficult, l:orccs  on the spacecraft am
sufficicndy  high to swamp OUI any control
ai]thori[y  of [he RWAs, and only thrus[crs  can be
used during this period. This has also been an am
tliat hm sigilificanlly  impacmd t h e  A A C S .
l;orlun:itcly,  except for the rnodcst change to the
IMU scale factor, all of dlc residual MO AACS
liardwal  c will bc used without modification on
MGS. ‘1’here will, however, bc substantive changes
to the flight software m accommodate the ncw
missio[l  ph.wcs  mid solve the above problems.
PI’cscIit  control swatcgics find configurations appear
to provide sufticicnt  margin duriilg  the acrobraking
pcrioct  while minimizing fuel usage.

C o m m a n d  &  I)ata IIandling S u b s y s t e m

A large percentage of the onboard electronics is
contaiticd within the ~kmmand and IJata 1 Iandling
Subsystcm’s 19 diffcrcilt  boxes. All of the MO
flight spares arc used with the exception of the
l>igital  ‘1’apc Rccordcrs  (1>1’1/) which have been
mpkiccd  on MGS by Solid State Recorders (SSR)
to save mass. Modifications [o this inhciitcd
harchw c have bcc]i made primari  I y to address
dcticicllcics  idcn[ified  by the various MO failure
review boards. Additional potcn[ial  singlc-point-
fi~ilurcs  were idcntilicd  duri]tg  a review of tlic
dcsigii  for M(3S dlat h;ivc also been corrcctcd.

‘1’hc S[:indaril Conlro] l’rocessor  (SCP) u s c s  a
Marconi 281 microprocessor tha( implcnmits  the
MII.-S’1’1J-I75OA  instruction set. A discrctc
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implementation of a memory management unit
extends the RAM addrtxs  space an additionzd  64K
page for a totat of 128K words (up froJn MO’s
96K). There is 22K of PROM for safe mode
rccovcry  and boot routines. Almost al I command
and control functions ~sidc within the SCP flight
soft ware.

lWCIVC  of the remaining 17 boxes function
primarily as InputlOutput  (1/0) devices to control
or command a varic(y of onboard functions.
Addressing is either p,arallcl  or sclial  dcpwding
upon the funcdon. “1’hc  remaining boxes all
provide for onboard dNa handling and dcscrvc a
more detailed description.

The IInginccring  Data l:ormatkx  (l;l)l:)  provides
for the collcclion,  forma((ing,  nnd distribution,
primarily into the downlink data stream, of all
onboard engineering tclcmcuy  information. It
contains ils own Marconi 281 microprocessor with
32K RAM and 22K PROM. I’hc llDI: has four
types of interfaces which am roulcd t o
multiplcxcrs:  discrc[c  digital (1/0), analog high
lCVC1 (0-5 V), awdog low lCVCI  (0-32mv) for
thermocouples and analog passive (0-5V with a 0.5
mA current  source) for Rcsis(ivc  Thcrma] Dcviccs
(1<’11)s).

The l’ayload  Data Systcm (1’11S) provides for the
collection, formatting,  encoding, and distribution
of all scicncc  instrument dala. It contains an
80C85  microprocessor with 128 Kbytcs RAM and
2 4  Kbytcs o f  P R O M  ttla{ controls its
functionality. All ou[pul data from the 1’1>S is
packctimd  in a CCSDS forma(, and then Rccd-
Solomon encoded for error protection.

‘1’hc  Cross-strap Uni[  (XSLJ) merges the da[a paths
from the l~l~l; and 1’1>S and arbit.rates under
command from the S(T whether data is sent to the
downlink  or slorcd on the SS1<. Convolutional
encoding of the tmnsmilkxl  da~a stream is also
accomplished within the XSU and it also provides
ncccssary control signals to the transponder.

The Solid Slalc Rccordcr  (SS1<)  is (1IC only unit on
the spacccraf(  that does 1101 USC Grade ]
components, a decision driven by schedule and
availability of components. To mitiga(c this risk,
MGS is flying four rccordcrs,  while requiring only
two functiomd  rccordcls  for the Iwo years of
mapping. “l’his rcquircmcnt  derives from the need
to record scicncc data simultaneously while playing

back previous data onto the downlink during each
Deep Space Net (IXN) pass. Two fully
indcpcndcn[  750 Mbit data rccordm am in each
box. J;our  kilobit  (4Kx1)  Mitsubishi DRAMs am
used fo] bulk storage, organized into 16 bit weds
with six check bits Ihat supporls  single cmor
correction - double error detection (SIiCliD)  with a
continuous scrubbing process to remove cosmic
ray induced single evcn[ upsets. 10 implement a
D1’R like interfwx,  dccodc commands, and
provide. ncccswy internal housekeeping tasks,
SS1{ uscs an 80C85 microprocessor with
Kbylcs of RAM and 30 Kbytcs  of I’ROM.

‘I’clect)llltll  unicati{)lls Subsystem

The ‘1’cIccol~l]nul~icati(~t]s  subsystcm  provides
wat 1s of r:idiakd radio-frequency (rt)  power al
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band to support a 21,3 kilobits/second downlink
dala rate at all (imcs  in the mission, and up to 85.3
kbps when Mars-card) distance permits, Bccau.sc
MGS must remain nadir-pointed during the entire
mapping  mission, the 1 Iigh Gain Anlcnna  (I IGA)
musl  bc articulated to properly view the earth for
high bandwidth co]]~rl~tli~icatiol~s.  To provide the
ncccss:uy  clcarancc  from surrounding s[ruclure,  tbc
antenna on MGS, like MO, is deployed at the ad
of an afliculatcd boon)  af(cr the mapping orbit is
altaincd.  To rcducc power consumption and mass,
the 44 watt-rf  triivcling-wave-tube-amplifiers
(TW1’A)  used on MO were replaced by 25 watt-rf
‘1’\VTAs  mounted on (1IC 1 IGA. “1’his rcduccd the
DC power mquircd from 100 watts  to 60 watls.
And with ‘1’W1’AS nlounlcd on the IIGA long
wavcguidc runs from the bus to the 116A were
avoided, for a significant mm savings.

‘Iwo low-gain transJnil  find rcccivc antennas (1.GA)
are used on MGS to assure that for most spacecraft
at(itudcs,  it is possible 10 communicate with the
spacecraft at low tclmnctry rates. Unlike, MO,
MGS him adopkxt  the policy not to turn-off
telemetry during spacexmft maneuvers and criticat
events, such as propulsion systcm  prcssulization.
‘]’hc  T\VTAs  have also been tcsmd to assure their
opcra(ion during such pyro cvcn[s.

The transmit  I GAs arc mounted on the ‘lW1’A
cnclosore  on the 1 lGA. l’wo receive 1.GAs arc on
(I)c  front (+x) and back of the spacecraft body.
When using the 1 IGA m rcccivc commands, the
rcccivcd signal is sent down to the transpcmdcrs  via
a coax cable aJong the boom. Significant work has
been expended to assure proper dcploymcn[  of this
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boom with its rather large and stiff cable mass.
l%c dynamics of 1 IGA mo[ion  at the end of its
boom have been thoroughly anafym.d and are WCII
understood such that pointing rcquircmcnts are st i 11
met.

Much of the tclccommuncations  hardware is
residual from MO, including the X-fland
Transponder (MOT) and the Command Data Uni[
(CI>U).  This ,subsystcm also includes the
Ullrmtablc  Oscillator (USO) which is used for
radio scicncc  investigations of the Martian
atmosphere. included witbhl  Tclccom  is a Ka-Band
Link Expcrimcn(  (KaILl ~) that will demonstrate
the viability of deep space communications via Ka-
band.

l~iigbt S o f t w a r e

lIIc l;light  Soflwarc  (l’SW) rcsidm primarily in
the SCP and implcmcats  the functionality of the
spacecraft and inshwmcnts.  ‘1’hc boot llnnwarc
remains essentially unchanged Cxccpt  t o
aceommodmc the Iargcr memory address space. ‘lhc
Safe-Mode firmware has changed significan[]y from
MO bccausc  of a diffcrcn[  spacecraft archimcturc,
and the addition of acrobraking  associated mission
modes and configurations, The hadw,ar’c would not
accommodate any expansion in PROM space, so
significant scrubbing of functions were required to
obtain the minimum nccessmy  func(ioaali[y  for
MGS. ‘J’here arc, however, major blocks of PROM
code that remain unchanged from MO.

‘Il~c SCP software also benefits from significant
MO inheritance. At this point in the dcvclopmcnt,
the claim is that 80% of the code will remain
unchanged, though it is still too carfy 10 test the
validity of this asscrlion,  and i[s implication
rclat ivc to a limited program of software tcs[ing
planned for MGS.

The PROM code in the lH>IJ required changing
because of different tclcmctry mb]cs 10
accommo&Nc  a different spacecraft. ‘1’hc l>l)S code,
however, remains unchanged from MO in a
conscious cfforl  to minimize cost. “1’hc bandwidth
allocalcd to the two dclctcd scicnm  inshmmcnts
will simply remain unused.

The “Faster, Better, Cheaper” Paradigm

“Ihc MGS l’rojcct  Office and our coat raclors  have
made a conscious cfforl to implcmcn[  a “fwtcr,

txmcr, cheaper” pamdigm. 1 Iowcvcr,  MGS may not
be the ideal vchic]c for an evaluation of such a new
way of doing business since it has so much
inheritance from the earlier epoch. Nevertheless,
wc have made a serious cfforf to cvalualc  every
decision on the basis of whether what wc arc doing
is simply habit as a rcsull  of our prior culmrc,  or
whether the sclmcd  course of action returns value
to the Project compar:iblc to the investment of
rcsourccs.

Ilxamplcs of ncw ways of doing bushcss  include:

Efcctroaic  mail and communications is used in

place of paper. While wc have not been able to
entirely suppress the need for paper, a large
pcrccmgc  of our wri[[cn  communications is by
compu(cr  file. Reviews arc conducted using
computer driven projectors to rcplaee the
ubiquitous overhead projcclor  with the transparent
foils sitnply projcctioas  of slides from a compulcr
file,

Macin[osh  is the s[andardiwd platform for all
Projccl documcnlafion  and communications.
Softwal  c and version uniformity across the Project
has also been implcmcnmd  to facilifatc  rapid and
cfficicat  collllnt]l]ica[iot~s  bc[wccn  team members.

Collocation of Project team members. ‘J”hcrc  is
alsc)  a streamlined Project staff organization that
mirrors the contractor’s organization in am of
responsibilities and fuIlc[ions.  ‘1’his allows cfficicn[
coIl]!tlut~icatioIls”  bctwccn  Pa.sadcna  and Denver at
all levels  of management, l~urthcnnorc,  JPL tries
to approach its syslcm  contractor as a team
mcmbcv’  rather than a nlonitor, contributing where
possible to fhc everyday work towards a successful
projcc[.

Collaborative servers a[ hsadcna and Denver
updalc rxch other every half-hour allowing both
organizations to sh,arc  information in while in
process. Elccfr onic mail systems al the lwo
facilities have a transparent intcrfaec — sending
cMail  10 a Denver colleague is as simple and
cfficicllt  as to one here al JI)I..

Iloth organizations maintain a lean team to control
costs ziIId keep corn] nunication  paths  short.

I)csigIl reviews arc Co]lduc[cd  informally, Iwirccd
in con(cnt,  slmlcncd in time, wilh fewer board
members (somctinlcs  with no real boati al al]),
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with action items dcnuncn[cd  simply and handled
as cxpcdi(iously  as possible. Review boanl
members tend more toward peers with directly
applicable engineering cxpcricnee than managers.

1 Iardware relesl  prior to delivery 10 1.MA in Denver
was consciously avoided where the i[cm was fully
ccrtiticd for flight  on MO and bad been properly
stored since that time. ‘1’here WAS resistance to this
strategy initially, as it ran counter to the culture of
both organizations, but to dale it hzs not been a
problcm, After wc complctc Asscmbl  y, Test, atti
Launch Operations (ATLO) activities, we will
rcasscs the cffcctivcncss  of this COS1  saving
strategy for fukrrc application.

This spacecmft  will be launched csscutially
without any flight  spare hardware. H’ any hardware
box fails, it must bc removed from the spacecraft
and repaired. Some of the prime-rcdundanl
subassemblies reside in a single box (an
inheritance from MO where a full complcmcn[  of
spares was available), so removal of those boxes
will bring the spacecraft systcm  down completely.
Rapid repair kils  have been assembled for most
boxes 10 minimi~,c  turn-around time, but the fact
slill remains that a failure near launch may involve
launching with an unplanned sing] c-poiut-failure  or
jeopardize launch within the ’96 window to
supporl a repair. Such a decision would not be
taken lightly, as most all of the cuginccring
subs ystcm  boxes require major disassembly of the
spacecraft bus for rcnmval, Simply the process of
removal, rcp,air and then rcasscmbl  y places other
hardware at risk, as well M the comprchcusivcness
of any subsequent rctcs[ing  prior to launch.

The significant inheritance from MO has saved tile
Project significant rcsourccs  and (imc,  and
rcprcscn[s  the only possible way a mission aId
spacxmafl  of this complexity and quality could
have been assembled on such a shorl schcdulc.
1 lowcvcr,  onc important lesson in rclrospec(  is that
inheritance of flight hardware must  be accompanied
with an inhc]itance  o f skilled people,
knowlcdgcablc  of the dcmils of the hfldwaw design
and its application to the mission. It is quhc
cvidcn(  as an observer of the activities across the
Projcc(,  and onc who did not work MO, (hat those
individuals that continue to contribute the most 10
MGS arc those with prior MO cxpcricnce.
Attracting and holding the intcrcs(  of such
individuals has been difficult.

CONC1.US1ON

WiLh  only a year 10 go before the MGS launch
window opens on November 5, 1996, most of the
engineering subsystcm  hardware has bum dclivcrcd
to Lockhccd-Martin  Astronautics in Denver for
spacccmft  integration, Systcm testing has just
begun. Project rcscrvcs arc hcallhy,  Foplc  am
dedkalcd to the succcss  of this mission, and the
hardware has been performing WCII  to date. There is
a “can do” spirit  about  all those working on MCIS
and a mood of optimism pervades that says, “yes,
wc arc going 10 be successful!”

AC KNO}$’1,1L1)GN413  N’IS

‘1’lIc work dcscrikd  in this paper has been
Pcrfomlcd  by the JCI Propulsion laboratory,
Catifmnia  Ins{im[e  of ‘J’cclmology, under contract
with t.hc National Aeronautics and Space
Administration.
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